We investigated the impact of lowering blood pressure (BP) with azelnidipine, a newly developed calcium channel blocker, generation on the left ventricular (LV) diastolic function and LV filling pressure by assessing non-invasive indices derived from echo Doppler study. This study evaluated 232 hypertensive patients with diastolic dysfunction. This study had two groups: (1) in which azelnidipine was administered to patients as a first-line therapy, and (2) in which amlodipine was converted to azelnidipine. Early diastolic mitral annulus velocity (e¢, cm s À1 ), the ratio of peak E velocity to e¢ velocity (E/e¢ ratio) and level of brain natriuretic peptide (BNP) were measured before and, an average of, 8 months after azelnidipine treatment. In the first-line azelnidipine group, the systolic and diastolic BP reduced by 26 and 11 mm Hg, respectively. The e¢ increased, and E/e¢ ratio and BNP level decreased significantly. In the converted-from-amlodipine group, the systolic and diastolic BP decreased by 14 and 6 mmHg, respectively. The e¢ velocity increased, but the E/e¢ ratio and BNP level did not change. In both groups, azelnidipine lowered BP and improved LV diastolic function (an increase in the e¢ velocity). Possible reduction in LV filling pressure (a decrease in the E/e¢ ratio and BNP level) is observed only in the first-line azelnidipine group.
INTRODUCTION
Left ventricular diastolic dysfunction is possibly the most common form of heart failure. 1, 2 Patients with hypertension are at an increased risk of developing left ventricular hypertrophy, myocardial fibrosis and chronic heart failure due to diastolic dysfunction. Up to 50% of patients with hypertension have evidence of diastolic dysfunction. 3 The treatment of diastolic dysfunction using antihypertensive drugs represents an attractive method for the prevention of heart failure. To date, no specific treatments have been definitively shown to improve the diastolic function or to reduce mortality and heart failure event. 4 The increase in the prevalence of heart failure with preserved systolic function over time and the stability in the incidence of death or heart failure from this condition underline the importance of studies to develop therapeutic strategies against it. The long-term treatment of hypertension results in a regression of existing left ventricular hypertrophy and, therefore, the role of the inhibition of the renin-angiotensin-aldosterone system is addressed in relation to the treatment of diastolic dysfunction. 5, 6 In the Valsartan in Diastolic Dysfunction (VALIDD) trial, however, the inhibition of the renin-angiotensin system failed to show an additional benefit after the change in diastolic relaxation velocity in comparison with the antihypertensive drugs of non-rennin-angiotensin system inhibition. 7 This study showed that lowering blood pressure (BP) improves the diastolic function irrespective of the type of antihypertensive agent used.
Calcium channel blockers are common antihypertensive drugs. We recognized that, in general, calcium channel blocker does not have a favorable effect on heart failure due to diastolic dysfunction. A newly developed calcium channel blocker, azelnidipine, is very long acting, and has no or little influence on either the sympathetic nerve system or the renin-angiotensin system. This is explained by its unique nature referred to as the membrane approach. 8 The aim of this trial was to investigate the impact of lowering BP, using azelnidipine, on the diastolic function and left ventricular filling pressure in patients with preserved ejection fraction and diastolic dysfunction by assessing non-invasive indices derived from echo Doppler study. The influence of azelnidipine on the diastolic function was also compared with that of amlodipine. 9, 10 
METHODS

Study population
Men and women, aged 20-80 years, with a history of stage 1 or 2 essential hypertension (mean BP measurement of 4140 mm Hg systolic or 490 mm Hg diastolic) were screened for inclusion by assessing their systolic and diastolic function by echocardiography. Echocardiographic assessment of mitral annular relaxation velocity was used to make a diagnosis of diastolic dysfunction. The exclusion criteria for exclusion were left ventricular ejection fraction of o50%, septal mitral annular relaxation velocity 48 cm s À1 , atrial fibrillation and the administration of calcium channel blockers other than amlodipine. The study protocol was approved by individual sites and written informed consent was obtained from each patient before the study began.
Study protocol
There were two groups in this study. In patients not on antihypertensive drugs or on antihypertensive drugs, but not calcium channel blocker, 16 mg of azelnidipine, which is the routine clinical dose, was administered. In patients treated with amlodipine, amlodipine was stopped and substituted with 16 mg of azelnidipine. No other medications were changed throughout the study period. Patients were assessed at 4-8 week intervals for, at least, 24 weeks, and underwent echocardiographic assessment at the end of the study. All patients underwent echocardiographic screening for systolic and diastolic function before the start of azelnidipine treatment. The diastolic function was assessed by tissue Doppler imaging of septal mitral annular velocity during diastole. Blood and urine tests were done at baseline and at the end of the study.
BP and heart rate were measured in a sitting position at each study visit. The adequacy of antihypertensive therapy was determined on the basis of measured BP. BP was also measured at the time of echocardiographic assessment. The use of concomitant antihypertensive medication was recorded at each study visit. If the BP was not adequately controlled, then add-on treatment was considered, but such patients dropped out from this study.
Echo data analysis
All patients underwent the Doppler echocardiographic examination including tissue Doppler imaging. Doppler echocardiographic assessment included the peak velocities of E and A wave on mitral pulsed wave Doppler. Spectral pulsed wave Doppler tissue interrogation of longitudinal mitral annular velocity was recorded throughout the cardiac cycle at the septal annulus in the apical four-chamber view. Additional exploratory analyses included changes in the chamber dimensions and left ventricular ejection fraction, the ratio of peak mitral Doppler inflow velocities (E/A ratio) and the deceleration time of the E wave. Left ventricular mass was estimated from left ventricular dimension and was calculated as an index of body surface area in m 2 . The relative wall thickness was calculated as 2Â(posterior wall thickness in diastole)/ (left ventricular end-diastolic diameter). 11 The primary end point was a change in septal mitral annular velocity during diastole, the e¢ velocity and the ratio of mitral inflow velocity to the e¢ velocity (E/e¢ ratio) 12 from the baseline to the follow-up. Secondary efficacy measures included differences in changes in blood pressure, heart rate, wall thickness, left ventricular mass index and left atrial volume index from the baseline to the follow-up. Blood samples were collected for assessment of brain natriuretic peptide (BNP) and high sensitivity C-reactive protein along with additional exploratory blood analyses, and urine was collected for assessing the albumin concentration.
Statistical analysis
All of the results are expressed as mean ± s.d. and proportions (%). Results are expressed as median (interquartile range) when studying the relationship of changes in the e¢ velocity and E/e¢ ratio with the reduction in systolic blood pressure or left ventricular mass index. Student's t-test was used for parametric data when normal distribution and equal dispersion were recognized. Welch's t-test was used when the variance was unequal. Plasma BNP level was also expressed as median (interquartile range) and was analyzed non-parametrically (Wilcoxon's test). Differences in the categorical data were analyzed by w 2 -analyses, and Fisher's exact test was used when appropriate. Differences were considered to be statistically significant when the P-values were o0.05.
RESULTS
After echocardiographic screening, 253 patients with a history of treated or untreated hypertension were enrolled in this study between January 2006 and October 2007. Twenty-one patients were excluded from this study, as 15 patients were lost to follow-up and 6 patients had to be removed for protocol violation. Thus, the follow-up study was completed in 232 (92%) patients. LV concentric remodeling (relative wall thickness X0.47 cm) was present in 97 (41%) patients. The baseline characteristics, medication use and echocardiographic parameters are shown in Tables 1 and 2 . Mild heart failure (New York Heart Association class 2 (NYHA-2)) was found in 29 patients and no patients showed moderate to severe heart failure. Average interval between baseline and follow-up was 8 months (range 6-10 months). No patient died or developed clinical heart failure, had myocardial infarction or developed hypotension during the course of the study. In addition, no patient showed any investigator-reported serious adverse events. 
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Analysis of the first-line azelnidipine group This group consisted of 160 patients. At follow-up, the systolic and diastolic blood pressures had decreased from baseline by 26 and 11 mm Hg, respectively. Heart rate decreased by 3 beats per minute. There were no significant changes in left ventricular wall thickness, left ventricular mass index, ejection fraction or left atrial volume from baseline to follow-up. In addition, the peak E, peak A, deceleration time and E/A ratio showed no significant change at follow up. From baseline to follow-up, the e¢ velocity significantly increased (6.1±1.3 vs. 6.8 ± 1.2 cm/s, Po0.0001), and the E/e¢ ratio and BNP decreased significantly (E/e¢ ratio: 11.6 ± 3.9 vs. 10.1 ± 3.0, P¼0.0002; BNP: 20.6 (12.5-36.3) vs. 14.9 (10.1-26.2) pg ml À1 , P¼0.0040). There were no significant changes, from baseline to follow-up, in the serum creatinine level, urine albumin concentration and high-sensitivity C-reactive protein level. See Table 3 for details.
Analysis of the converted-from-amlodipine-to-azelnidipine group This group consisted of 72 patients. At follow-up, the systolic and diastolic blood pressures were observed to have decreased by 14 and 6 mm Hg, respectively, and heart rate decreased by 6 beats per minute. From baseline to follow-up, the e¢ velocity was found to have increased significantly (6.1±1.3 vs. 6.7±1.3 cm s À1 , P¼0.011). The E/e¢ ratio decreased, but the difference did not reach statistical difference. There were no changes in the other echo Doppler parameters at the follow-up. There were no significant changes from baseline to follow-up in the BNP level (20.5 (11.2-35.8) vs. 15.7 (9.2-40.5) pg/ml, P¼0.28), serum creatinine level, urine albumin concentration and high-sensitivity C-reactive protein level. See Table 4 , for details.
Factors related to changes in e¢ velocity and E/e¢ ratio The impact of the reduction in blood pressure on the changes in the e¢ velocity and the E/e¢ ratio was studied (Figure 1 
DISCUSSION
We showed that lowering blood pressure with the additional use of azelnidipine is associated with an improvement in the left ventricular diastolic performance (an increase in the e¢ velocity), a reduction in left ventricular filling pressure (a decrease in the E/e¢ ratio) and reduction in BNP level in patients with hypertension and with a preserved systolic function. Among the patients in whom amlodipine was converted to azelnidipine, blood pressure and heart rate significantly reduced and these reductions was associated with an increase in the e¢ velocity. This is the first clinical trial that shows a potential mechanism by which treating hypertension with azelnidipine might be useful to treat hypertensive patients with diastolic dysfunction. The tissue Doppler assessment of myocardial relaxation was used as a primary end point in this study. The e¢ velocity is robust, Figure 1 Impact of lowering systolic blood pressure on changes in the e' velocity and the E/e' ratio. The reduction in the systolic blood pressure was associated with increases in the e' velocity (left) and with the decrease in the E/e' ratio. Data are expressed as median and interquartile range. Figure 2 Impact of increasing the left ventricular mass index on changes in the e' velocity and the E/e' ratio. An increase in the left ventricular mass index was associated with lesser increase in the e' velocity (left) and with a smaller decrease in the E/e' ratio. Data are expressed as median and interquartile range.
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H Ito et al non-invasive measure of the early diastolic relaxation during the early adenosine triphosphate-dependent active phases of diastole, and is less sensitive to preload than mitral flow profiles under physiological condition. The azelnidipine treatment was associated with an increase in the e¢ velocity both study arms. There are several mechanisms to explain the improvement in left ventricular diastolic function associated with azelnidipine treatment. First, the reduction in the systolic blood pressure, in itself, may be associated with the improvement in left ventricular diastolic function as shown in VALIDD trial. 4, 7, [13] [14] [15] [16] In this study, the greater reduction in systolic blood pressure was associated with the greater increase in the e¢ velocity. Second, left ventricular systolic load may be reduced by attenuating the wave reflection. An increase in the aortic stiffness because of hypertension is associated with the early return of wave reflection to exaggerate the second systolic peak and to increase systolic blood pressure. Elevated systolic load impairs left ventricular diastolic function and raises left ventricular filling pressure. Reducing aortic stiffness, using verapamil, reduced and delayed wave reflection and reduced the late systolic blood pressure. 17, 18 Third, azelnidipine may improve the vascular function by scavenging free radicals, by suppressing the oxidative stress and release of interleukin-8 to reduce oxygen radical stress, and by enhancing the production of endothelial nitric oxide. 19 Finally, long-acting calcium channel blockers may directly prevent the progression of the diastolic dysfunction. In an experimental study using Dahl salt-sensitive rats, long-term administration of amlodipine prevented the transition of diastolic heart failure possibly due to an amelioration of collagen remodeling. 20 Factors that influence changes in the e¢ velocity and the E/e¢ ratio with antihypertensive treatment remain unknown. In this study, we found that the left ventricular hypertrophy is a factor that attenuates the beneficial impact of azelnidipine on the diastolic function and left ventricular filling pressure. Our data implicated that greater left ventricular mass index was associated with the smaller increase in the e¢ velocity and with the smaller decrease in the E/e¢ ratio during azelnidipine treatment. In the highest left ventricular mass index quartile, the increase in the e¢ velocity was minimal and the E/e¢ ratio did not decrease. Therefore, the improvement in left ventricular diastolic function with azelnidipine treatment is expected especially in patients with either no or mild left ventricular hypertrophy. Echocardiographic assessment of left ventricular hypertrophy is useful to predict the responder of azelnidipine treatment.
In VALIDD trial, the E/e¢ ratio did not show significant change in both valsaltan group and non-RAS inhibitor treatment group, although the e¢ velocity increased in both groups. We studied the impact of azelnidipine treatment on the E/e¢ ratio. 7 As there is an overlap of the E/e¢ ratio of a level similar to that of left ventricular filling pressure, 12 we focused on the temporal changes in E/e¢ ratio in each patient in this study. In the converted-from-amlodipine group, the E/e¢ ratio did not show significant change at follow-up, and BNP level also did not change. In the first-line azelnidipine group, the E/e¢ ratio significantly decreased, and this was associated with a reduction in BNP level, although the baseline BNP level was low. These data imply that azelnidipine does not worsen heart failure state and can be safely used in hypertensive patients with diastolic dysfunction.
Limitations Some limitations should be noted. This study was not a double blind randomized trial. The main objective of this study was not to monitor the clinical outcomes but to assess the temporal changes in objective parameters to assess the left ventricular diastolic function associated with azelnidipine treatment. We could not conclude that azelnidipine has specific impact on the left ventricular diastolic function that is not observed in other calcium channel blockers. The possibility that similar findings would have been seen with short-term blood pressure lowering cannot be excluded, because no early measure was obtained. Most of the study patients were, mildly to moderately, hypertensive and without decompensated heart failure. These findings might not be applied to the severe diastolic heart failure population. In this study, the magnitude of increase in the e¢ velocity was less in those with the greater left ventricular hypertrophy. Whether an increase in mitral annulus velocity by 0.6-0.8 cm s À1 is clinically meaningful or, over time, would be associated with improvements in outcomes is not known. The dosage of azelnidipine might have influenced the results. The routine clinical dose of azelnidipine was used, and this dose achieved a similar reduction of blood pressure as the routine dose (5 mg) of amlodipine. Finally, as the echo Doppler parameters used in this study are those that are routinely used, we did not assess the reproducibility of these parameters among centers.
Clinical implications
At present, renin-angiotensin system inhibitors are the first-line treatment for patients with hypertension with diastolic dysfunction. 21, 22 The inhibition of the renin-angiotensin system offers other benefits besides lowering blood pressure in a variety of disorders, such as myocardial fibrosis and hypertrophy. 23, 24 However, it is often difficult to manage blood pressure with renin-angiotensin system inhibitor alone, and we should use calcium channel blocker in some cases. In this situation, we should choose long-acting calcium channel blockers. In the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT), the rate of new-onset heart failure with preserved ejection fraction was comparable between amlodipine and lisinopril. 25 Our study implied that lowering blood pressure with azelnidipine, in addition to renin-angiotensin system inhibitors, similar to other long-acting calcium channel blockers, could be an option for managing diastolic heart failure. We also showed that the hear rate reduced when amlodipine was converted to azelnidipine. The clinical implications of the decrease in heart rate using azelnidipine treatment require further investigations.
